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Piaflffilda conta ining DMA^Seouanoes that cause changes in 
the carbohydrate concentration and the carbohydrate 
flompoBition in Plants, as well as plant cells and Plants 
containing these Plasmids 

5 

The present invention relates to plasmids containing 
DNA-sequences which contain information that, after 
insertion into a plant genome, cause changes in the 
carbohydrate concentration and the carbohydrate 
10 composition in regenerated plants, as well as plant cells 
and plants containing sequences from these plasmids. 

Because of the continual growth in word population, there 
is a continually growing demand for nutrient and raw 
15 materials. It is the task of biotechnological research to 
achieve a change of the content as well as yield of crops. 
To do this the metabolism of the plants has to be altered. 

A particular interest is the possibility of using plant 
20 ingredients as renewable raw material sovirces e.g. for the 
chemical industry. This is especially of great importance 
for two reasons. Firstly, up to now, mineral oil and coal 
deposits have teen the main source of raw materials for 
the petrochemical industry but these deposits are finite 
25 and it can be seen that alternative, renewable raw 
material sources must be developed. 

Secondly, the present situation of agriculture in Europe 
and North America has lead to a surplus of crops grown for 
30 their nutritive properties. This causes obvious financial 
and political problems in agriculture. Alternative 
products for which there is a higher quantitative demand 
could be a solution to this problem. 

Renewable raw materials can be divided into fats and oils, 
35 proteins and carbohydrates, such as mono-, di-, oligo- and 
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polysaccharides. The most important polysaccharides are 
starch and cellulose. In the EEC, the total starch 
production in 1987-1988 comprised maize (60%) , wheat (19%) 
and potato (21%) • 

5 

For an increasing use of plant starch as an industrial raw 
material the quality of the starch must meet the demands 
of the processing industry. Important considerations 
include the amy lose to amylopectin ratio, the chain 
10 length/ the branching grade of the amylopectin as well as 
the size of the st£arch granules. 

The main biochemical synthetic pathways for the production 
of starch in higher plants are well Jcnown. Starch consists 

X5 of amylose and amylopectin, in which the amylose consists 
of a linestr a-l,4-glucan and amylopectin consists of 
a-l,4-glucans, which are connected to each other via ^1,6- 
linlcages and thus foma a branched polyglucem. The so- 
called branching enzyme (Q*-enzyme) is responsible for the 

20 introduction of the a-l,6-linkage. One method for the 

production of starch which only has a linear a-l,4-glucam 
structure is therefore by the inhibition of the enzymatic 
activity of the proteins and/ or the inhibition of the 
biosynthesis of the branching enzyme. New biotechnology 

25 processes for the genetic alteration of dicotyledonous and 
monocotyledonous plants by transfer and stable 
installation of single isolated genes or groups of genes 
are known (Gasser and Fraley, Science 244, 1293-1299} • The 
possibility of specific expression of foreign genes 

30 inserted in the plant by gene technology, primsorily in 

potato tubers, is also known (EP 375092 and Rocha-Sosa et 
al., EMBO J. 1, 23-29 (1989)). 

The pr sent invention provides plasmids containing 
35 DNA-sequences which contain information that, after 
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insertion into a plant genome, cause changes in the 
carbohydrate concentration and the carbohydrate 
composition in regenerated plants. 

5 The invention further provides plant cells containing 

sequences from these plasmids which can be regenerated to 
whole plants, as well as plants containing sequences from 
these plasmids. 

10 The term "plant" means a commercially useful plant, 

preferably maize, barley, wheat, rice, peas, soya beans, 
sugar cane, sugar beet, tomato, potato or tobacco. 

Carbohydrates which can be altered by the DNA sequences 
15 ZLTB mono-, di-, oligo- or polysacchaarides. Starch is an 
exampile of a polysaccharide which can be modified in 
plants and plant cells. 

with the plasmids of the invention, it is possible to 
20 modify the amy lose to amylopectin ratio of the starch in 
plant cells and in plants. This is possible through the 
presence of a branching enzyme, located on the plasmid, 
which has the following sequence; 

10 20 30 40 50 60 

1 TCA66A6C6GTCTT6G6ATATTTCTTCCACCCCAAAATCAAeA6TTAGAAAA6AT6AAAG 

61 6AT6AAGCACA6TTCA6CTATTTCC6CT6TT7T6ACCGAT6ACAATTC6ACAAT66CACC 

121 CCTAGA66AA6ATGTCAACACT6AAAATATT66CCTCCTAAATTT66ATCCAACTTT66A 

1 a 1 ACCTTATCTA6ATCACTTCA6ACACAGAATGAA6AG ATAT6T6GATCA6AAAAT6CTCAT 

241 T6AAAAATATGA6GGACCCCTT6AGGAATTTGCTCAA6GTTATTTAAAATTT6GATTCAA 

301 CA666AA6AT66TTGCATAGTCTATCGTGAAT6GGCTCCT6CT6CTCA6GAA6CASAA6T 

361 TATTG6C6ATTTCAAT66TAG6AACG6TTCTAACCACAT6ATG6AGAA66ACCA6TTT6G 

421 TGTTTGGAGTATTA6AATTCCT6AT6TTGACAGTAA6CCAGTCA7TCCACACAACTCCA6 

k a 1 A6TTAAGTTTC6TTTCAAACAT66TAATGGA6TGTGGGTAGATCGTATCCCTGCTT66AT 
541 AAAGTAT6CCACTGCA6ACGCCACAAA6TTT6CAGCACCATAT6ATGGT6TCTACTGGGA 

601 CCCACCACCTTCAGAAAGGTACCACTTCAAATACCCTC6CCCTCCCAAACCCC6AGCCCC 

661 ACGAATCTACGAA6CACATGTC66CATGAGCAGCTCT6A6CCACGT6TAAAT7CGTATC6 

721 76AG777GCA6A76A7G7777ACC7C6GA77AAGGCAAA7AAC7A7AA7AC7G7CCAG77 
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7 8 1 6AT66CCATAAT66AACATTCTTACTAT6SATCATm$ATATCATeTTACAAACTTTTT 
84 1 T6CT6T6AfiCAATA6ATAT66AAACCCe6Afi6ACCTAAA6TATCT6ATASATAAA6CACA 

80 f TACCTTefifiTTTACA66TTCT«6T66AT6TAGTTCACA6TCAT6CAA6CAATAAT6TCAC 
S61 T«AT«6CCTCAATe6CTTT6ATATTe6CCAA66TTCTCAASAATCCTACTTTCAT6CTSS 
1021 ACACCeA<l«fiTACCATAACTT6T666ATA6CA6fiCT6TTCAACTAT6CCAATT666A66T 
108 1 TCTTC6TTTCCTTCTTTCCAACTT6A66T66TSSCTA6AA6A6TATAACTTTGAC6GATT 
1 f * I TCeAT7TCAT6fiAATAACTTCTAT6CT6TATSTTCATCATSSAATCAATAT6GGATTTAC 
1201 A6GAAACTATAAT6AGTATTTCA6C6A66CTACAGATGTTGAT6CTGT6STCTATTTAAT 
12SJ 6TT6SCCAATAATCT6ATTCACAA6ATTTTCCCA6AC6CAACT6TTATT6CC6AASAT6T 
1321 TTCT66TATGCCG66CCTTA6CC6GCCT6TTTCTGA666A6GAATT66TTTTSATTACC6 
1381 CCT6GCAATG6CAATCCCA6ATAAGTS6ATAGATTATTTAAA6AATAAGAAT6ATG AASA 
U« 1 TT66TCCATGAA6GAAGTAACATC6A6TTT6ACAAATAG6AGATATACAGAGAAGTGTAT 
1501 A6CATAT6CG6A6A6CCAT6ATCA6TCTATTGTC66T6ACAAGACCATT6CATTTCTCCT 
1 56 1 AATGAACAAA6A6AT6TATTCT66CAT6TCTT6CTTGACA6ATGCTTCTCCT6TTGTTGA 
1 62 1 T6a66AATT6C6CTT6ACAAGAT6ATCCATTTTTTTCACAAT66CCTT6GGA6GAGAG6 
1 68 1 GGTACCTCAATTTCATG6GTAACGAGTTTGGCCATCCTGA6T6GATTGACTTCCCTA6T6 
17*1 AGGGCAATAATT66A6TTATGACAAAT6TA6ACGCCA6TGGAACCTCGCAGATA6C6AAC 
1801 ACTTGAGATACAA6TTTAT6AATGCATTTGATA6AGCTAT6AATTC6CTC6ATSAAAAGT 
1861 7CTCATTCCTCGCATCA6GAAAACAGATAGTAA6CAGCAT6GAT6AT6A7AATAA66T7G 
1921 TT6T6TTTGAACGT6GTGACCTGGTATTTGTATTCAACT7CCACCCAAA7AACACATACS 
1981 AAe6GTATAAA6TTGGAT6T6ACTT6CCAG6GAAGTACA6AGTTGCAC7G6ACA6TGATG 
2041 CTT666AATTT66T66CCAT6eAA6A6CT66TCATGAT6TTGACCATTTCACA7CACCAG 
2101 AAGGAATACCTGSAGTTCCAGAAACAAATTTCAATGGTCGTCCAAATTCCTTCAAAGTGC 
2161 TGTCTCCT6C6CGAACAT6T6T66CTTATTACAGAGTT6ATGAAC6CATGTCATAAACT6 
2221 AA6ATTACCA6Aa6ACATTT6TA6T6A6CTACTACCAACA6CCAATATC6A6GAAA6TG 
2281 ACGAGAAACTTAAAGATTCATCATCTACAAATATCAGrACATCATCTACAAAAAATGCTT 
2341 ATTACA6A6TT6ATGAAC6CATGTCA6AAGCTGAAGATTACCA6ACA6ACATTT6TAGT6 
2401 AGCTACTACTACCAACAeCCAATATCGAGGAGAGTGACGAGAAACTTGATGATTCATTAT 
2461 CTACAAATATCAGTAACATT66TCA6ACTGTT6TAGTTTCT6TT6AG6AGAGA6ACAAG6 
252 1 AACTrAAA6ATTCACCATCTGTAAGCATCATTAGTeAT6CTGTTCCA6CTfiAATeS€C7S 
2561 ATTCG6AT6CAAAC6TCT6GGGT6AG6ACTA6TCAGA76ATTGA7C6A7CCT7CTAC67T 
264 f 0ffTffATCTCfi6TCCfiTGCAT6AT6TCTTCAfi66T«6TA6CAT7GACT6ATTeCATCATA6 
270 1 TTTTTTTTTTTTTTTTTAAGTATTTCCTC7AT6CATATTATTAGCATCCAATAAATTTAC 
276 1 T€fi7TeTT6TACATA6AAAAA6T6CATTT6CAT6TATST6TTTCTCTGAAATTTTCCCCA 
282 1 67TTTS6T6CTTT6CCTTT66A6CCAA6TCTCTATAT6TAATAA6AAAACTAA6AACAAT 
2881 CACATATATAAAATGTTAGTACATTACCA . 
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The property of the branching enzyae to modify the 
amylose/amylopectin ratio in starch is not limited to a 
coding sequence exactly as it is shown here but can also 
be represented by slightly different nucleotid sequences. 
5 The property of the branching enzyme is also not changed 
when the plasmids containing the branching enzyme, are 
modified in the plant cell or the plant. 

To be active, the DNA sequence of the branching enzyme is 
10 fused to the regulatory sequences of other genes which 

guarantee a transcription of the DNA (coding) sequence of 
the branching enzyme. The DNA sequence, can also be fused 
in an inverted direction to the regulatory sequences of 
other genes, whereby the 3'-end of the coding sequence is 
15 fused to the 3 '-end of the promoter and the 5 '-end of the 
coding sequence is fused to the 5 '-end of the termination 
signal. In this way an anti-sense RNA of the branching 
enzyme is produced in the plant. The regulatory sequences 
are hereby promoters and termination signals of plant or 
20 viral genes, such as for example the promoter of the 35S 
RNA of the cauliflower mosaic viriis or the promoter of the 
class I patatin-»gene B 33 and the termination signal of 
the 3 "-end of the octopine synthase gene of the T-DNA of 
the Ti-plasmid pTiACHS. 

25 

Plant cells containing sequences from these plasmids can 
be regenerated in known manner to complete transgenic 
plants. It is possible to insert simultaneously, more than 
one copy of these sequences into a plant cell or plant. 



30 
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The following plasmids were deposited at the Deutsche 
Sanmlung von Hikroorganismen (DSM) in Braunschweig, 
Germany on the 20th August 1990 (deposit number) : 



Plasmid P35 S-BE (DSH 6143) 

Plasmid P35 S-anti-B£ (DSM 6144} 

Plasmid P33-BE (DSM 6145) 

Plasmid P33-anti-BE (DSM 6146) 



10 Description of the Figures 



Figure 1 shows the restriction map of the 13,6 kb plasmid 
P35 S-BE. The plasmid contains the following fragments. 

15 A = Fragment A (529 bp) contains the 35S promoter of 
the cauliflower mosaic virus (CaMV) « The 
fragment contains the nucleotides 6909-7437 of 
the cauliflower mosaic virus. 

20 B ^ Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

C B Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
25 Ti*plasmid pTiACH5 from the nucleotide 11749 to 

11939. 



Also shown are the cleavage sites described in Example 1. 

30 Figure 2 shows the restriction map of the 13.6 kb plasmid 
P35 S-anti-BE. The plasmid contains the following 
fragments: 



35 



A *s Fragment A (529 bp) contains the 35S promoter of 
the cauliflower mosaic virus (CaMV) . The 



wo 92/14827 



PCr/EP92/00302 



fragment contains the nucleotides 6909 to 7437 
of the CaMV, 

B = Fragment B (2909 bp) contains the DNA fragment 
5 which codes for the branching enzyme • 

C = Fragment C (192 bp) contains the polyadenylation 
signal of gene 3 of the T-DMA of the Ti-plasmid 
pTiACHS. The fragment contains the nucleotides 
10 11749-11939. 

Also shown are the cleavage sites described in Example 2. 

Figure 3 shows the restriction map of the 14.6 kb plasmid 
15 P33-BE. The plasmid contains the following fragments. 

A = Fragment A (1526 bp) contains the Dral-Dral- 

fragment of the promoter region of the patatin- 
gene B33. The fragment contains the nucleotide 
20 positions -1512 to +14. 

B B Fragment B (2909 bp) contains the DNA fragment 
which codes for the bramching enzyme. 

25 C = Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
Ti-plasmid pTiACH5. The fragment contains the 
nucleotide positions 11749-11939. 

30 Also shown are the cleavage sites described in Example 3. 

Figure 4 shows the restriction map of the 14.6 plasmid 
P33-anti-BE. Plasmid contains the following fragments: 



35 A 



Fragment A (1526 bp) contains the Dral-Dral 
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fragment of the promoter region of the patatin 
gene B 33. The fragment contains the nucleotide 
position -1512 to +14. 

5 B = Fragment B (2909 hp) contains the cDNA-fragment 
which codes for the branching enzyme. 

C = Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
10 Ti-plasmid pTiACHS. The fragment contains the 

nucleotides 11749-11939. 

Also shown are the cleavage sites described in Example 4. 

15 In order to understand the examples forming the basis of 
this invention all the processes necessary for these tests 
and which are known per se will first of all be listed: 

1. Cloning process 

20 The vectors pUC18/19 and pUCllS, and the H13mpl0 

series (Yanisch-Perron et al.. Gene (1985), 33, 103- 
119) were used for cloning. 

For pl£mt tr2msformation, the gene constructions were 
25 cloned into the binary vector BIN19 (Bevan, Nucl. 

Acids Res. (1984), 12, 8711-8720). 

2. Bacterial strains 

The £• coli strain BMH71-18 (Messing et al. , Proc. 
30 Natl. Acad. Sci. USA (1977), 24, 6342-6346) or TBI 

was used for the pUC and 1113 mP vectors. 

For the vector BIN19 exclusively the coli strain 
TBI was used. TBI is a recombinant-negative, 
35 tetracycline-resistant derivative of strain JMlOl 
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(Yanisch-Perron gt al. , Gene (1985), 33, 103-119). 
The genotype of the TBI strain is (Bart Barrel, 
personal conmunication) : F'(traD36, proAB, lad, 
lacZAMlS) , A (lac, pro), SupE, this, recA, 
5 Srl::TnlO(TcR). 



The transformation of the plasmids into the potato 
plants was carried out by means of the Aarobacterium 
tumefaciens strain LBA4404 (Bevan, M. , Nucl. Acids 
10 Res. 12, 8711-8721, (1984); BIN19 derivative). 



3. Transformation of Aorobacterivim tumefaciens 

In the case of BIN19 derivatives, the insertion of 
the DNA into the agrobacteria was effected by direct 

15 transformation in accordance with the method 

developed by Holsters fil- , (Hoi. 6en. Genet. 
(1978), 163, 181-187). The plasmid DNA of transformed 
agrobacteria was isolated in accordance with the 
method developed by Birnboim and Doly (Nucl. Acids 

20 Res. (1979), 7, 1513-1523) and was separated by gel 

electrophoresis after suitable restriction cleavage. 



4. Fl^nt tr^n^f oyffatj.on 

10 small leaves, wounded with a scalpel, of a sterile 

25 potato culture were placed in 10 ml of HS medium with 

2 % sucrose containing from 30 to 50 Ml of an 
Aqrpfragt;grjlW> tffln^fjicj.^nP overnight culture grown 
under selection. After from 3 to 5 minutes gentle 
shaking, the Petri dishes were inctibated in the dark 

30 at 25^C. After 2 days, the leaves were laid out on MS 

medium with 1.6 % glucose, 2 mg/1 of zeatin ribose, 
0.02 mg/1 of naphthylacetic acid, 0.02 mg/1 of 
gibberellic acid, 500 mg/1 of claforan, 50 mg/1 of 
kanamycin and 0.8 % Bacto agar. After incubation for 

35 one week at 25^C and 3000 lux, the claforan 
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10 

concentration in the medium was reduced by half. 
The regeneration and cultivation of the plants were 
carried out according to }cnown processes (Rocha-Sosa 
et al EMBO Journal 8, 23-29 (1989) . 

5. Analysis of genomic DNA from transgenic potato plants 
The isolation of genomic plant DNA was effected in 
accordance with Rogers and Bendich (Plant Mol. Biol. 
(1985), 5, 69-76. 

For the DNA analysis, after suitable restriction 
cleavage, 10 to 20 fig of DNA were analysed by means 
of Southern blots for the integration of the DNA 
sequences to be investigated. 



15 



6. Analysis o f the total RNA from transgenic potato 

The isolation of plant total RNA was carried out in 
accordance with Logemann et al. (Analytical Biochem. 
20 (1987), 163, 16-20) • ' 

For the analysis, 50 ng portions of total RNA were 
investigated by means of Northern blots for the 
presence of the transcripts sought. 

25 

7. Protein ext:r»ctAQn 

For the extraction of total protein from plant 
tissue, pieces of tissue were homogenised in protein 
extraction buffer (25 stti sodium phosphate pH 7.0, 
30 2 mM sodium hydrogen sulphite) , with the addition of 

0*1 % (w/v) of insoluble polyvinylpyrrolidone (PVP) . 



35 



After filtration through cellulose, cell detritus was 
centrifuged off for 20 minutes at 10,000 revolutions 
per minute and the protein concentration of the 
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supernatant was determined in accordance with the 
method developed by Bradford (Anal. Biochem. (1976)/ 
7Z, 248-254). 



5 8. Dfttftction of foreign proteins bv means of 
immunolog ical processes (Western blot) 
The protein extracts were separated according to 
molecular weight by means of gel electrophoresis in 
SDS-PAGE (sodiiim dodecylsulphate polyacrylamide) 

10 gels. After SDS-PAGE the protein gels were 

equilibrated for from 15 to 30 minutes in transfer 
buffer for graphite electrodes (48 g/1 of tris, 39 
g/1 of glycine, 0.0375 % SDS, 20 % methanol) and then 
transferred in a cooling chamber to a nitrocellulose 

15 filter and separated at 1.3 mA/cm^ for from 1 to 2 

hours. The filter was saturated for 30 minutes with 3 
% gelatin in TBS buffer (20 mM tris/HCl pH 7.5, 500 
mM NaCl) , and the filter was then incubated for 2 
hours with the appropriate antiserum in a suitable 

20 dilution (1:1000 -r 10000 in TBS buffer) at room 

temperature. The filter was then washed for 
15 minutes each with TBS, TTBS (TBS buffer with 0.1% 
polyoxyethylene-(20)-sorbitan monolaurate) and TBS 
buffer. After being washed, the filter was incubated 

25 for 1 hour at room temperature with alkaline 

phosphatase-conjugated goat-anti-rabbit (GAR) 
antibodies (1:7500 in TBS). The filter was then 
washed as described above and equilibrated in AP 
buffer (100 mM tris/HCl pH 9.5, 100 mM NaCl, 5 mM 

30 MgCl2) • The alkaline phosphatase reaction was started 

by means of the substrate addition of 70 ^1 of 
4-nitrotetra2olium (NBT) solution (50 mg/ml of NET in 
70 % dimethyl-formamide) and 35 /il of 5-bromo- 
4-chloro-3-indolyl phosphate (BCIP) (50 mg/ml BCIP in 

35 dimethylformamide) in 50 ml of AP buffer. As a rule 
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"the first signals were observed after 5 minutes. 

9» Determination of the amylose/arovlopectin ratio in 
starch of transgenic potato plants. 
5 Leaf pieces, having a diameter of 10 mm were floated 

in 6% sucrose solution under continuous light for 14 
hours. This light incubation induced a strong 
increased staorch formation in the leaf pieces. After 
incubation, the amylose and amylopectin concentration 
10 was determined according to Hovenkamp-HermelinJc et al 

(Potato Research 31, 241-246 (1988) . 

The following examples illustrate the preparation of the 
plasmids according to the invention, the insertion of 
15 sequences from those plasmids into the plant cell as well 
regeneration of transgenic plants and the analysis of 
those transgenic plants. 

20 Preparation of the Plasmid P35s-Be and insertion of the 
plasmid into the plant genome of the potato. 

From a cDNA library in the expression vector^gtll, 
different clones were identified that cross-react with an 

25 antibody that is directed against the branching enzyme of 
potatoes. These clones were used to identify complete 
clones from a cDNA library in the Hindll-position the 
vector pUC 19 that originate from isolated mBNA of growing 
potato tubers. One clone isolated in this manner had an 

30 insert size of 2909 bp of the sequence: 
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10 20 30 40 SO 60 

1 TCA66AGC66TCTT666ATATTTCTTCCACCCCAAAATCAA6A6TTAGAAAA6AT6AAA6 

SI 6AT6AACCACA6TTCA6CTATTTCC6CT6TTTT6ACC6ATGACAATTCeACAAT66CACC 

121 CCTA6A6GAA6AT6TCAACACT6AAAATATT66CCTCCTAAATTT66ATCCAACTTT66A 

1 a 1 ACCTTATCTA6ATCACTTCAGACACA6AAT6AA6A6ATAT6T6GATCAQAAAATGCTCA7 

241 T6AAAAATAT6AG66ACCCCTTGAGGAATTTGCTCAA66TTATTTAAAATTT66ATTCAA 

301 CAG66AAGATGGTTGCATA6TCTATC6TGAATGGGCTCCT6CTGCTCAGGAAGCA6AA6T 

361 TATT6GC6ATT7CAATG6TAGGAAC66TTCTAACCACATGATG6A6AA6GACCAGTTTG6 

421 TGTTT6GA6TATTA6AATTCCT6AT6TT6ACAGTAA6CCAGTCATTCCACACAACTCCA6 

411 A6TTAA6TTTC6TT7CAAACAT66TAAT6GA6TGTGGGTA6ATC6TA7CCCT6CTTG6AT 
541 AAA6TATGCCACTGCAGAC6CCACAAAG7TT6CAGCACCATATGATGGTGTCTACTGGGA 

$01 CCCACCACC77CAGAAA6G7ACCAC77CAAA7ACCC7CGCCC7CCCAAACCCC6AGCCCC 

681 AC6AA7C7AC6AAGCACA7G7CGGCA76AGCAGC7C76AGCCACG767AAA77CG7A7CG 

721 7GAG777GCAGA7GA7G7777ACC7C66A77AA6GCAAA7AAC7A7AA7AC7GTCCAG77 

781 6A7GGCCA7AA7GGAACA77C77AC7A7GGA7CA777GGA7A7CA7G77ACAAAC777Tr 

841 76C7G7GAGCAA7A6A7A766AAACCC6GAGGACC7AAAGrA7C76A7AGArAAAGCACA 

9 0 1 7A6C77666777ACA6677C7GGTGGA7GrAG7rCACA€7CATGCAAGCAA7AATG7CAC 

961 7GA7G6CC7CAA7GGC7TrGATA77€GCCAAGG77C7CAA6AA7CCTACr7TCATGC7GG 

1021 A6AGC6A6GG7ACCArAAGTrG7GGGA7AfCAGGC7GrTCAAC7A7GCCAA77GGGAGG7 

1081 7C77CG777CC77C7T7CCAACr7GAGGT6GTfiGC7AGAAGAGTA7AACT77GACGSA77 

1141 7CGA77TGArGGAA7AACTTC7A7GCTG7A7€77CATCA76GAA7CAATA7GGGA77TAC 

1201 AGGAAAC7ATAATGAGTA7T7CAGCGAGGC7ACAGATGTT6A76C7G7GS7CTATT7AAT 

1261 G77GGCCAArAA7C7GATTCACAA6A7777CCCA6AC6CAAC7677A77GCC6AA6A76T 

1321 77C7GGTATGCCGGGCCT7AGCC66CCT6777C76AGGGA66AA776G77776A77ACCG 

1381 CC7GGCAATGGCAA7CCCAGA7AAG7GGA7AGA77A777AAAGAA7AAGAAT6A76AAGA 

U41 7TGG7CCATGAA6GAAG7AACA7CGA6777GACAAA7A66AGA7A7ACAGAGAAG7G7A7 

1501 AGCA7A76CGGAGA6CCA7GA7CA67C7A7767C6676ACAA6ACCA776CA777C7CC7 

1561 AA76AACAAA6A6A767AnC766CA7G7C77GC776ACA6A7GC77C7CC7G77677GA 

1621 7GCAG6AA77GCGC7T6ACAA6A76A7CCA7777777CACAA7G6CC776GGAG6A6A66 

1681 GG7ACC7CAA777CA7GGG7AAC6A6777GGCCA7CC76A67G6A776AC77CCC7AG76 

1741 AG66CAA7AA77GGAG77A7GACAAA7G7AGAC6CCAG7G6AACC7CGCAGA7AGC6AAC 

1801 AC7TGAGA7ACAAG777A76AA7GCA7776A7AGAGC7A7GAA77CGC7C6A7GAAAAG7 

1861 7C7CA77CC7C6CA7CA6GAAAACA6A7A67AAGCAGCA7GGA76A7GA7AA7AA6G77G 

1921 77G7G777GAACG7G676ACC76G7A777G7A77CAAC77CCACCCAAA7AACACA7AC6 
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)0 20 30 40 50 SO 

1981 AA666TATAAA6TT66AT6TGACTT6CCA6S6AA6TACA6A6TT6CACTS6ACAGT6AT6 
2041 CTT6G6AATTT€6T6^CCAT6GAA6A€CT€STCATGATG7T6ACCATTTCACATCACCAG 
2101 AAG5AATACCf€6A6T7CCA6AAACAAATTTCAAT66TC6TCCAAATTCCTTCAAA6T6C 
2 IS 1 T6TCTCCT6C6C6AACAT6T6Te6CTTATTACA6A6TT6AT6AAC6CAT6TCATAAACT6 
2221 AA6ATTACCA6ACA6ACATTT6TA6T6AGCTACTACCAACASCCAATATCGA66AAA6TG 
2201 AC6A6AAACTTAAA6ATTCATCATCTACAAATATCA6TACATCATCTACAAAAAAT6CTT 
2341 ATTACAGA6TT6AT6AACGCAT6TCAGAAGCT6AA6ATTACCAGACAGACATTTGTAGTG 
2401 A6CTACTACTACCAACAGCCAATATCGAG6AGAGTGAC6AGAAACTT6ATGATTCATTAT 
2481 CTACAAATATCAGTAAaTTGGTCAGACTGTTGTAGTTTCTGTTGAGGAGAGAGACAAGG 
2521 AACTTAAA6ATTCACCATCTGTAA6CATCATTAGT6ATGCTGTTCCA6CT6AATG66CTG 
25S1 ATTC66ATGCAAACGTCT6G6GTGA6GACTAGTCA6ATGATT6ATCGATCCTTCTAC6TT 
2B41 G6T6ATCTCGGTCC6T6CATGAT6TCTTCA6GGT6GTA6CATT6ACTGATT6CATCATAG 
2701 TTTTTTTTTTTTTTTTTAAGTATTTCCTCTATGCATATTATTAGCATCCAATAAATTTAC 
27S1 TGGTTGTTGTACATAGAAAAA6TGCATTTGCATGTATGTGTTTGTCTGAAATTTTCCCCA 
2821 GTTTTGGTGCTTTGCCTTT6GA6CCAAGTCTCTATATGTAATAAGAAAACTAA6AACAAT 
2881 CACATATATAAAATGTTA6TAGATTACCA . 
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The 2909 bp long c-DNA contained in this clone was used 
for the next examples and is called cBE. 

5 For the preparation of a plasmld p35s-BE, this cDNA was 
provided with the promoter of the 35s-BNA of the 
cauliflower mosaic virus as well as the polyadenylation 
signal of the octopine synthase gene of the Ti-plasmid 
pTiACHS. For this the orientation of the C-DNA coding for 
10 the branching enzyme was chosen in such a way that the 
coding strain will be readable (sense-orientation) . The 
plasmid p35s-BE has a size of 13.6 kb and comprises the 
three fragments A, B and C which were cloned into the 
cleavage sites of the polylinker of BIN19. 

15 

Fragment A (529 bp) contains the 35s promoter of the 
cauliflower mosaic virus (CaHV) . The fragment contains the 
nucleotides 6909 to 7437 of the CaMV (Franck et al.. Cell 
21, 285-294). It was isolated as EcoRI-KpnI-f ragment from 
20 the plasmid pDHSl (Pietrzak et al, Nucleic Acids Research 
14, 5857-5868) and was cloned between the EcoRI-KpnI- 
cleavage position of the polylinker of the plasmid BIN 19. 

Fragment B contains a 2909 bp cDNA fragment cBe which 
25 codes for the branching enzyme • It was cut out as Hindlll- 
Smal-f ragment of the vector pUC 19 and was cloned into the 
Smal-positlon of the polylinker of BIN 19 after f illing-in 
of the Hind-III-*position with DNA polymerase. For this the 
orientation of the cDNA was chosen in such a way that the 
30 coding strand is readable and a sense-RNA is formed. The 
cleavage sites BamHI/Xbal and Pstl/SphI originate from the 
polylinker of pUC 19. The cleavage sites BamHI/Xbal/ 
Sall/PstI originate from the polylinker of BIN 19. The two 
EcoRI cl avage sites located on the fragment B are 
35 internal cl avage sites of the fragment. 
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Fragment C (192 bp) contains the polyadenylation signal of 
the gene 3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen 
et al EMBO J. 3, 835,846), nucleotides 11749-11939, which 
are isolated as PvuII-Hindlll fragment from the plasmid 
5 pAGV 40 (Herrera-Estrella et al (1983) Nature 303, 209- 
213} and were then cloned onto the PvuII cleavage site 
between the SphI-*Hind-IZI cleavage site of the polylinXer 
of BIN 19, after addition of SphI linkers (see Fig 1} • 

10 The plasmid p35s~BE was transferred into potatoes with the 
help of the agrobacterial system. After this whole plants 
were regenerated. Protein extracts isolated from tubers of 
these plants were tested for the existence of the 
branching enzyme using the western blot analysis. Further, 

15 tubers of these plants were tested for the content of 
amylose and amylopectin. 

Example 2 

Preparation of the Plasmid p35s-anti-BE and introduction 
20 of the Plasmid the Plant genome of potato. 

In a similar manner to that described in Example 1, the 
plasmid p35s-anti-BE was prepared, but the orientation of 
the designated cDNA of the branching enzyme was inverted 
25 relative to the 35 S promoter. The plasmid p35s-anti-B£ 

has a size of 13.6 Kb and comprises the three fragments A, 
B and C which were cloned in the cleavage sites of the 
polylinker o£ BIN19. 

30 Fragment A (529 bp) contains the 35s promoter of the 

cauliflower mosaic virus (CaHV) • The fragment contains the 
nucleotides 6909 to 7437 of the CaMV (FrancJc et al. Cell 
21, 285-294) , and was isolated as EcoRl-KpnI-fragment from 
the plasmid pDHSl (Pietrzak et al Nucleic Acids Research 

35 14, 5857-5868) and Cloned b tween the EcoRI-KpnI-cleavage 
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site of the polylinker of the plasiaid BIN 19. 

Fragment 6 contains the 2909 bp cDNA fragment cBE which 
codes for the branching enzyme, it was cut from the 
5 Hindlll-Smal-fragment of the vector pUC 19 and cloned in 
the Smal-position of the polylinker BIN 19 after filling 
in of the Hindlll-position with DNA polymerase. The 
orientation was chosen in such a way that the non-coding 
strand is readable and an anti*sense-KNA is formed. The 
10 cleavage sites SphI, PstI and Xbal, BamHI, Smal originate 
from the polylinker pUC 19. The cutting positions 
BeunHI/Xbal/Sall/PstI originate from the polylinker of BIN 
19. The two EcoiRI cleavage sides contained on the fragment 
B are internal cleavage sides of this fragment. 

15 

Fragment C (192 bp) contains the polyadenylation signal of 
gene 3 of the T-DNA of the Tl-plasmid pTiACHS (Gielen et 
al EMBO J 3, 835-846), nucleotides 11749-11939, which were 
isolated as PvuII-Hindlll-fragment from the plasmid pAGV 
20 40 (Herrera-Estrella et al (1983) , and which were cloned 
between the Sphl-Hindlll-cleavage position of the 
polylinker of BIN 19 after addition of Sph-I-linkers to 
the Pvu-*II-cleavage position (see Fig 2). 

25 The plasmid p35s-anti-BE was transferred into potatoes 
using the agrobacterial system. After this whole plants 
were regenerated. 

Protein extracts, which had been isolated from tubers of 
30 these plants, were tested for the existence of the 

branching enzyme using the western blot analysis. Tubers 
of these plants were also tested for the content of 
amy lose and amylopectin. 

35 
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Example 3 

Preparation of the plasmid p33"BE and introduction of the 
plasffiid into the plant genome of the potato, 

5 In a similar manner to that described in Example 1, the 
plasmid p33-BE was prepared, but replacing the 35s 
promoter with the promoter of the class I patatin-gene B33 
(Rocha*-Sosa'et al EMBO J 8 23-29}. The plasmid p33-*Be has 
a size of 14.6 kb and consists of the tiiree fragments A, B 
10 and C that were cloned into the cleavage position of the 
polylinker of BIN 19. 

Fragment A contains the Dral-Dral -fragment (position -1512 
to position +14) of the promoter region of the patatin- 

15 gene B33 (Rocha-Sosa et al EMBO J 8. 23-29), which was 
first of all cloned into the Sacl-position of the 
polylinker of pUC 18. For this the overhanging 3'- end of 
the Sac-I-cleavage site had been rendered blimt by T4-DNA 
polymerase. After this the EcoRl-BamHI-fragment was 

20 inserted between the EcoRI-BamHI-position of the 
polylinker of BIN 19. 

Fragment B contains the 2909 bp cDNA fragment cBE which 
codes for the branching enzyme. It was cut out as Hindlll- 

25 Smal-f ragment from the vector pUC 19 and was cloned into 
the Smal-position of the polylinker of BIN 19 after the 
Hindlll-position was filled in with DNA polymerase. For 
this the orientation of the cDNA was chosen in such a way 
that the coding strand was readable and a sense-RNA was 

30 formed. The cleavage sites BasiHI/Xbal and Pstl/SphI 
originate from the polylinker of pUC 19. The cutting 
positions BamHI/Xbal/Sall/PstI originate from the 
polylinker of BIN 19. The two Ec RI -cleavage sites 
contained on the fragment B are internal cleavage sites of 

35 this fragm nt. 
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Fragment C (192 bp) contains the polyadenylation signal of 
gene 3 of the T-DNA of the Ti*-plasmid PtiACHS (Gielen et 
al EMBO J 3, 835-846, Nucleotide 11749-11939), which was 
isolated as Pvu-II-Hindlll-fragment from the plasmid pAGV 
5 40 (Herrera-Estrella et al (1983) Nature 303, 209-213) and 
which was cloned between the sphl-Hindlll-cleavage site of 
the poly linker of BIN 19 after addition of Sphl-linkers to 
the PvuII-cleavage site. 

10 The plasmid p33-BE was transferred into Aorobacterium 
tumefaciens and used for the transformation of potato 
plants. 

Example 4 

15 Prenarati on of the nlasmid p33-anti-BE and introduction of 
Plasmid Into the Plant genome of potato > 

In a similar manner to that described in Example 2, 
plasmid p33-anti-BE was prepared but replacing the 
20 35S-promoter with the promoter of the class I patatin-gene 
B33 (Rocha*Sosa et al EMBO J 8, 23-29). The plasmid 
p33-anti-Be has a size of 14.6 kb and consists of three 
fragments A, B and C which were cloned into the cleavage 
sites of the polylinker of BIN 19. 

25 

Fragment A contains the Dral-Dral-fragment (position -1512 
to position +14) of the promoter region of the patatin- 
gene B33 (Rocha-Sosa et al EMBO J 8, 23-29) which was 
firstly cloned into the Sacl-position of the polylinker of 
30 pUC 18. The overhanging 3 '-ends of the Sacl-cleavage site 
were rendered blunt by T4-DNA polymerase. After this the 
fragment was inserted as EcoRI-BamHI-fragment between the 
EcoRI-BamHI->po8ition of the polylinker of BIN 19. 

35 Fragment B contains the 2909 bp cDNA fragment cBE which 
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codes for the branching enzyme. It was cut out as Hindlll- 
Smal-f ragment from the vector pUC 18 and after filling in 
the Hindlll-position with the DNA polymerase, it was 
cloned into the Smal-position of the polylinker of BIN 19. 
5 For this the orientation of the cDNA was chosen in such a 
manner that the non-coding strand was readable and anti-* 
sense-RNA could be formed. The cutting positions SphI, 
PstI and Xbal, BamHI, Smal originate from the polylinker 
of pUC 19. The cutting positions BamHI/ Xbal/Sall/PstI 
10 originate from the polylinker of BIN 19. The two EcoRI 
cleavage sites which are located on the fragment B are 
internal cleavage sites of the fragment. 

Fragment C (192 bp) contains the polyadenylation signal of 
15 the gene 3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen 
et al EHBO J 3, 835-846), Nucleotides 11749-11939), which 
had been isolated as PvuII-Hindlll-f raglaent from the 
plasmid pAGV 40 (Herrera-Estrella et al (1983) , Nature 
303, 209-213) and which was cloned between the Sphl- 
20 Hindlll-cleavage site of the polylinker of BIN 19 after 
addition of Sphl-linkers to the PvuII cleavage sites. 

The plasiaid p33-anti-BE was introduced in Acrrobacterium 
tumefaciens amd was used for the transformation of potato 
25 plants. 

Ex»wp3.e g 

The nucleotides 166-2909 of the 2909 bp cDNA sequence 
described in Example 1, that codes for the branching 

30 enzyme in the Hindll-cleavage site of the cloning vector 
pUC 19 were inserted into the corresponding cleavage sites 
of the polylinker of the cloning vector pUC 18. This makes 
possible a fusion of the N-end of the a-peptide of the 
B-galactosidase located on the vector with a part of the 

35 branching enzyme. The functionality of the resulting 
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fusion protein was tested in a mutant of Escherichia coli 
(KV 832} which is deficient in the branching enzyme (Kiel 
et al Gene 78, 9-17). Cells transformed with this 
construction were plated out on YT-agar plates containing 
5 0.5% glucose. The resulting colonies were stained with 

Lugolscher solution. The transformed plant cells showed a 
yellow-red colour in contrast to the blue coloured 
un- trans formed plant cells which indicates the branching 
activity of the fusion protein (Kiel et al Gene 78, 9-17). 
10 An over-production of this protein in Escherichia coli 
enables the use as technical enzyme. 
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Claims 

1. A plasmid that contains a DNA sequence that contains 
information that causes changes in the carbohydrate 
concentration and the carbohydrate composition in 
regenerated plants, after insertion into the plant 
genome. 



A plasmid according to claim 1 characterised in that 
the DNA sequence is the coding sequence of a 
branching enzyme. 

A plasmid according to Claim 2 characterised in that 
the branching enzyme is an enzyme having the 
following sequence; 

10 20 30 40 50 60 

1 TCA66A6CeGTCTTeGSATATTTCTTCCACCCCAAAATCAASAGTTA6AAAASAT6AAA6 

SI 6AT6AA€CACASTTCA6CTATTTCCSCT6TTTTfiACC6ATGACAATTC6ACAAT66CACC 

121 CCTAGAGfiAASATGTCAACACTeAAAATATTGGCCTCCTAAATTTGGATCCAACTTTGGA 

1 1 1 ACCTTATCTAGAiaCTTCAGACACAGAATGAAGAGATATGTGGATaGAAAATGCTCAT 

2* 1 T6AAAAATAT6A66GACCCCTT6Ae6AATTT6CTCAA66TTATTTAAAATTT6GATTCAA 

301 CA666AA6AT6GTT6CATAGTCTATC6T6AAT666CTCCT6CT6CTCA66AAGCA6AA6T 

3G1 TATT66C6ATTTCAATG6TA66AAC6STTCTAACCACATSATGSA6AA66ACCA6TTT6S 
5*1 AAASTATGCCACTGCA6ACGCCACAAA6TTT6CA6CACCATATGATG6T6TCTACT6G6A 

601 CCCACCACCTTCA6AAA66TACCACTTCAAATACCCTC6CCCTCCCAAACCCCGAGCCCC 

66 1 AC6AATCTAC6AA6CACATeTC66CAT6A6CA6aCTGA6CCACST6TAAATTCGTATC6 

721 T6A67TT6CAGAT6AT67TTTACCTCS6ATTAAG6CAAATAACTATAATACTSTCCA6TT 

761 «A766CCA7AAT66AACArrCTTAC7AT6GA7CA77766A7ATCA76TrACAAAC77777 

64 1 T6CT676A6CAA7AGA7AT66AAACCC66AG6ACC7AAA67A7C7GA7A6A7AAAGCACA 

301 7A6Crr666TT7ACA6677CT66T66AT6TA6T7CACA6TCA7GCAA6CAA7AA767CAC 

361 76A766CC7CAA76GCTTr6A7A7766CCAAG6rrC7CAA6AA7CC7ACT77CA7GC766 

1021 AGAGC6A6667ACCA7AA6TT6766GATA6CA66C7GTTCAACTAT6CCAATTG66A6GT 



2. 



10 



3. 



15 
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1081 TCTTC6TTTCCT7CTTTCCAACTT6AS6T6GT66CTA6AAGASTATAAC7TT6ACS6ATT 
1 U 1 TC«ATTT6ATe6AATAACTTCTAT6CT6TAT6TTCATCAT66AATCAATAT666ATTTAC 
1201 AG6AAACTATAAT6A6TATTTCA6CeA6SCTACASAT6TT6ATSCT«TfifiTCTATTTAAT 
1261 6TT66CCAATAATCTfiATTCACAA6ATTTTCCCA6ACGCAACT6TTATT6CC6AASAT6T 
1321 TTC76STAT6CC666CCTTA6CC66CCTSTTTCTGA666AGSAATT66TTTTSATTACCS 
1381 CCT6GCAATG6CAATCCCA6ATAAGTS6ATA6ATTATTTAAAGAATAA6AAT6AT6AAGA 
U*1 TTG6TCCAT6AA6GAAGTAACATC6A6TTT6ACAAATA6SA6ATATACAGA6AAST6TAT 
1501 AGCATATGCfiSAGAGCCATSATCAGTCTATTGTCGGTSACAASACCATTSCATTTCTCCT 
1S61 AAT6AACAAA6A6AT6TATTCT66CAT6TCTTGCTT6ACA6AT6CTTCTCCTGTT6TT6A 
1621 TGCA66AATT6C6CTT6ACAA6ATQATCCATTTTTTTCACAAT66CCTT666AG6A6A6G 
1681 S6TACCTCAATTTCAT696TAAC6A6TTT66CCATCCT6A6T66ATT6ACTTCCCTA6T6 
1741 A666CAA7AA7766A67TA7SACAAA767A6AC6CCA676GAACC7C6CAGA7AGC6AAC 
1801 ACTT6A6ATACAA6T77A76AAT6CA7TT6A7AGA6CTA7eAA77CGC7C6A76AAAA67 
1861 7C7CA7TCC7C6CA7CA66AAAACAeA7A67AAGCA6CA7e6A76A76A7AA7AA€6776 
1821 77676777GAAC67667GACC7667A77T67A7TCAAC77CCACCCAAA7AACACATAC6 
1981 AA6GG7A7AAA677G6A7676AC776CCAG66AA67ACA6AG77GCAC7GGACAG76ATG 
20*1 C776GGAA777667GGCCA76GAA6AGC7GG7CA7GA7677GACCA777CACA7CACCA6 
2101 AAG6AA7ACC766AG77CCA6AAACAAA777CAA766TCS7CCAAA77CC77CAAAS76C 
2161 787C7CC7GC8C6AACA76767«6CrrA77ACA6A6776AT6AACSCATG7CATAAACT6 
222 1 AA6A77ACCA6ACA6ACA77TGTA6T6A6C7AC7ACCAACA6CCAA7A7C6A66AAAG7G 
2281 AC6A6AAAC7TAAA6A7TCA7CATC7ACAAATA7CA67ACA7CA7C7ACAAAAAA7GC77 
234 1 A77Aa6A6TT6ATffAAC6CA767CAfiAA6C76AA«ATTACCA6ACAGACA7TrG7A67e 
2(01 A6C7ACrACTACCAACA6CCAATA7C6Afi6A6AG7eAC6A6AAAC77GA7GA77CA77A7 
2(6 1 C7ACAAA7A7CA67AACATTfi67CAGAC767767A67T7CT6776AS6A6A6A6ACAA66 
2521 AAC77AAAGA77CACCA7C767AASCATCA77A67GA76C76TTCCA6C7eAA766GC76 
2581 A77CG6A76CAAAC67C7666676A6SAC7AG7CAGA76A776A7C6A7CC77C7ACG77 
2641 G676A7C7Cfi67CCG7fiCA76A767C77CAGGG7667AGCA77GAC76A77GCA7CA7AG 
2701 77777777777777777AAG7A777CC7C7A7SCA7A77A77AGCA7CCAATAAA777AC 
2761 T6G77677G7ACA7A6AAAAA676CA7Tr6CA7G7A767G777C7C76AAA7T77CCCCA 
2821 G777766T6CT7T«CCT77S6A6CCAA67C7C7A7A76TAA7AASAAAAC7AAGAACAAT 
2881 CACA7A7A7AAAAT677A67A6ATTACCA . 
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4. A plasmid according to any one of the preceding 

claims, characterised in that the carbohydrates are 
mono-, di-r oligo- or polysaccharides. 

5 5. A plasmid according to Claim 4 characterised in that 
the polysaccharide is starch. 

6. A plasmid according to Claim 3 characterised in that 
the branching enzyme alters the amy lose/ amy lopectin 
10 ratio of the starch in plant cells and in plants. 

7* A plasmid according to Claims 2 or 3 characterised in 
that the DNA sequence of the branching enzyme is 
fused to the regulatory sequences of other genes that 
15 ensxires a transcription of the branching enzyme 

coding DHA sequence. 

8. A plasmid according to Claim 7 characterised in that 
the DNA sequence of the branching enzyme is fused in 

20 inverted direction to the regulatory sequence of 

other genes thereby the 3* -end of the coding sequence 
is fused to the 3 '-end of the promoter and the 5 '-end 
of the coding sequence is fused to the 5 '-end of the 
termination signal that gives an anti-sense RNA in 

25 the plant produced by the branching enzyme. 

9. A plasmid according to Claims 7 or 8 characterised in 
that the regulatory sequences axe promoters and 
termination signals of plant or viral genes. 

30 

10. A plasmid according to Claim 9 characterised in that 
the promoter is a promoter of the 35s RNA of the 
cauliflower mosaic virus and the termination signal 
is the 3 '-end of the octopine-synthase-gene of the 

35 T-DNA of the Ti-plasmid pTiACHS. 
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25 

11. A plasmid according to Claim 9 characterised in that 
the promoter is a promoter of the class I patatin- 
gene B33. 

5 12. Plasmid P35 S-BE (DHS 6143) 

13. Plasmid P35 S-anti-BE (DSM 6144) 

14. Plasmid P33-*Be (DSM 6145) 

15. Plasmid P33-anti-Be (DSM 6146) 

16. A plant that contains a sequence of at least one 
plasmid according to any one of claims l to 15. 

15 

17. A plant according to Claim 16 characterised in that 
the plants are commercially used plants such as 
maize, barley i wheat, rice, pea, soya bean, sugeur 
cane, sugar beet, tomato, potato or tobacco. 

18. Use of the plasmids claimed in any one of claims 12 
to 15, for the production of transgenic plants in 
which the amylose/amylopectin ratio of the starch is 
modified. 

19. Use of the plasmids according to Claim 16 
characterised in that the plants are commercially 
used plants. 

30 20. Use of the plasmids according to Claim 19 

characterised in that the plants are maize, barley, 
wheat, rice, pea, soya bean, sugar cane, sugar beet, 
tomato, potato and tobacco. 



20 



25 
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